Abstract. The paper deals with the stakeholder management especially giving focus on the organization's and stakeholder relationships issues. The purpose of the paper is to construct a new methodological approach by developing fuzzy logic model based on experts' knowledge for conceptual insights on possible solutions for measuring stakeholders' influence. The objective of the research includes identification of possible organizationstakeholder interactions considering stakeholders' influence according to such attributes/ factors as interest, power, benevolence, and reliability. The results reveal that fuzzy logic technique is a reliable and valid tool for modelling and visualizing knowledge about stakeholders' influence on the organization. Finally, the results were tested on the real business data concerning stakeholders' influence. A contribution of this paper is the application of fuzzy logic model to evaluate and/or predict stakeholders' influence to the issues the organization seeks to solve and to provide relevant information for the stakeholder relationships management.
Introduction
Nowadays a stakeholder orientated perspective of the organization is often discussed in academic literature and practice as it is a good tool for pursuing sustainability and social responsibility CSR). CSR comprises a number of corporate activities that focus on the welfare of stakeholder groups other than investors, such as charitable and community organizations, employees, suppliers, customers, and future generations (Sprinkle, Maines 2010; Duijvesteijn et al. 2014) . There is a strong relationship among parties which are internal and external and each party requires reciprocal data sharing (West, Turner 2007) involving obligations towards stakeholders (Metaxas, Tsavdaridou 2010) and creative communication. This implies the need of stakeholder management in the organization as it is seen as nexus of the parties / stakeholders involved. The principal argument of stakeholder management is that organizations should be operated and managed in the interests of all their constituents who can affect or be affected by the achievement of the organization's objectives (Benson et al. 2011; Freeman 1984; Donaldson, Preston 1995) . Stakeholder management captures various organization-stakeholder relationships where proponents and opponents discuss the issue. Proponents maintain that stakeholder management is strategically important, and organizations can benefit from proper management of their relationships with these important groups which lead to an increase in the overall total good created by the enterprise (Singer 2013; Benson et al. 2011; Bhattacharya et al. 2009; Fung 2009 ). But the key argument used by the opponents is the need of using organization's limited recourses for stakeholder management, thereby it means directing scarce resources from shareholders to stakeholders, and it is understood as hurting organization's value. It is apparent that proponents of stakeholder theory do not agree with this and claim that such goal of an organization is too narrow and does not take into account multiple interests of other stakeholders who often have different views, needs, and expected outcomes (McGlone et al. 2011) . How should the managers act and make decisions when there are so many different and often divergent interests/claims? Though it is claimed that all of the different corporate constituencies benefit from sustained superior firm performance in the long run (Garcia-Castro et al. 2011; Barnea, Rubin 2010; Jones, Wicks 1999 , Foote et al. 2010 , but the problem with the long-run view is that it assumes away some potential short-run "frictions" (Prahalad 1997) . It often means that short-run pressures and constraints on managers do, in practice, curb some well-intended stakeholder-oriented policies in many firms (Garcia-Castro et al. 2011 ).
While there is abundant academic literature on stakeholder management (e.g., Habisch et al. 2011; Leea et al. 2013; Horisch et al. 2014; Notteboom et al. 2015; Mok et al. 2015 , Meixell, Luoma 2015 Agudo-Valiente et al. 2015) , the concept itself is not fully developed concerning its efficient implementation in to practice. The purpose of the paper is to employ fuzzy logic model for conceptual insights on possible solutions for measuring stakeholders' influence and thus enable managers to take decisions. It explores the issues that are important to the stakeholder management and offers empirical insights on organization-stakeholder possible interactions. In our research we treat all stakeholders according to their influence and they all can become important it only depends upon the issue that organization is considering. Consequently it is necessary to identify stakeholders who are related to the issue and to categorize them according to their attributes/factors: power, interest, benevolence, and reliability. The gathered information on stakeholders could explain or predict their influence to the issues the organization seeks to solve and could help to avoid potential "frictions".
The paper is organized as follows: Section 1 provides the overview of stakeholder theory. Section 2 explains stakeholder management from descriptive, instrumental, and normative approach. Consequently the steps of stakeholder analysis are discussed in section 3. The research methodology, application of fuzzy logic technique are analysed in section 4 and final section concludes the study.
The overview of stakeholder theory
"Stakeholder theory" or "stakeholder thinking" has emerged as a new narrative to understand and remedy three interconnected business problems: the problem of understanding how value is created and traded, the problem of connecting ethics and capitalism, and the problem of helping managers think about management such that the first two problems are addressed (Parmar et al. 2010) . The earliest mentioning of stakeholders can be tracked to 1963 when Stanford Research Institute conceptualized them as "those groups without whose support the organization would cease to exists" (Freeman, Reed 1983) . However the most cited definition was proposed by Freeman (1984) which included those groups or individuals who are affected by the organization as well as those who can affect it (Freeman, McVea 2006; Bryson et al. 2002; Ackermann, Eden 2011) . Conceptualizing Freeman's definition it can be noticed that it implies social and ethical aspects, i.e. managers are responsible for society and any member from society has legitimacy concerning organization's actions and decisions. Regarding this and other definitions the stakeholder theory is analyzed from the three approaches: descriptive, instrumental, and normative (ethical considerations). Normative means that there must be certain behaviour standards for managers/organizations. Instrumental theory has utilitarian nature and tests financial effects when organization follows the stakeholder approach. The descriptive usually states the behaviour of organizations/managers, analyzes the classification of stakeholders, organizational decision processes, information disclosure, even attractiveness of stakeholders (Antonacopoulou, Meric 2005) .
Stakeholder management
Over the last decade research on stakeholder management has made enormous progress (Rühli, Sachs 2005; Carroll 1996; Freeman 1994; Post et al. 2002; Waddock, Bodwell 2002; Harrison, Freeman 1999; Feerman, McVea 2006; Phillips 2003) . Donaldson and Preston (1995) have already claimed that the management of stakeholder relations is one of its basic challenges. The influence of stakeholders is a central issue in regard to organizational change (Mano 2013) .
The aim of stakeholder management is to maximize the benefits that can be derived from stakeholders while minimizing the possible downsides that can arise by associating with them (Landin 2011) . Stakeholder management creates a unique and valuable network of stakeholder relations which leads to the acquirement of know-how and competences forming corporate culture and giving rise to benefits for key stakeholders in the long run. A good example for this situation is the well-known claim for customer focus. Interacting with its customers a company gets experience and feedback from them. On the basis of the knowledge and the experience of the company's customers, new and better core competencies can be found. Simultaneously, the employees are stimulated by these interactions and are motivated as they can deal with new ideas and satisfied customers (Rühli, Sachs 2005) . Furthermore, the shareholders/investors benefit from this situation as innovative solutions lead to a competitive advantage, and therefore, also to higher success. Consequently it prompts the idea that a proactive stakeholder strategy can help the management to minimize costs and to enhance the chances of innovative core competencies based on stakeholder relations.
Relationships between the organization and key stakeholder groups evolve over time and it is important to understand the development of these relationships. Of all the stakeholders in economic processes, enterprise forms the hub of all economic developmentrelated activities (Sanz-Mendiola et al. 2012) . The majority of the academic literature seeks to find the suitable foundation for stakeholder management where more often stakeholder management is understood as an issue not only for a particular managers but rather for the whole organization.
Implemented stakeholder management system can provide a tool for answering these questions ( Fig. 1) .
Fig. 1. Stakeholder management system
Source: created by authors.
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Organizations should see their stakeholders as an integral part of their business environment and this part should be managed so as to ensure benefit. From this aspect stakeholder management can be viewed as a part of strategy where important stakeholders are involved. It can be presented as system based on Deming-Shewhart PDCA (plan-do-study-act) cycle and cover planning: design or revision of business process components (phases 1-3), doing: implementation of the plan and measurement of its performance (phases 3-4), studying: assessment of the measurements and report of the results to decision makers (phase 5), and acting: decisions on changes needed to improve the process (phase 6). Stakeholder management system reveals issues that are important to the stakeholder management process, gives better understanding on how the processes work, and how conceptual framework addresses the relevant issues. The model of stakeholder management is not only a descriptive framework but it also leads to recommendations on procedures, tools and implementation processes.
Stakeholder relationships can play a decisive role to smooth the effects of business cycles in the firms by its contribution to the consolidation of the stakeholders' relation (Alajoutsijärvi et al. 2012) . Stakeholder management that is adjusted to organizational processes can help the organizations to successfully develop in the turbulent environment. Every organization has the processes that involve different performance aspects.
Reflecting stakeholder needs in these processes helps organizations to achieve better results.
Stakeholder analysis
Stakeholder analysis and engagement are the main tasks in stakeholder management (Yang et al. 2011) . The purpose of stakeholder analysis is to indicate whose interests and why should be taken into account when making a decision. So we must ask and answer for ourselves questions such as "Who are the stakeholders?", "How can we gain insight into their interests and values?", "What is total effect when there is more than one dimension of stakeholder attributes" and "How can we simultaneously address what are certain to be conflicting interests and values among the various stakeholder groups?" (Rebentisch et al. 2005) .
The competitive stakeholder analysis is a good method for identification of stakeholders, their prioritization and in that way influences the situation and gets the output that creates additional value. The list of stakeholders of a particular organisation can vary over time and is dependent on factors that determine the prevailing power balance among various parties, such as culture, type of market, and government system (Garvare, Johansson 2010) . Stakeholder analysis can be executed by identification of them and defining them according to the attributes, interaction and interests in relationship with the dealt issue.
The benefit from stakeholder manifests in different forms: a stakeholder can bring new resources, provide know-how, help with entering new markets or otherwise increase the organization's strength. Second, it depends on stakeholder attitude to the issue, i.e. if it is negative and threatening or it can weaken company's position/support or even bring damage, then it should be given a close consideration. One more stakeholder aspectinfluence -must also be considered. The influence should be considered as a wider concept which covers several stakeholder attributes (e.g. power, interest, benevolence, reliability) and their presence and strength can determine degree of a positive/negative influence.
The research
It is impossible for all stakeholders to have the same interests and needs. Once organizations have identified their stakeholders, it is necessary to define the importance of satisfaction of their needs to organization i.e., which stakeholder needs should be satisfied and which needs should be postponed for future (this depends upon situation and such stakeholder attributes as power and interest). There will always be a stakeholder week or even to some extent unfavourable for the organization needs that could be left unsatisfied for some time and negative influence avoided. Therefore the problem of prioritization and evaluation of the total influence arises and encompasses different factors.
The research takes into account one more dimension of stakeholder attributes that is missing in Mitchell et al. (1997) and this is whether the stakeholder group is supportive (benevolent) or not. Any stakeholder or their group could be supportive or threatening, and stakeholder strategies would be contingent on the level of support. This means that a comprehensive and quantitative model of stakeholder influence evaluation and prioritization should also identify whether stakeholders are supportive or threatening and how much.
While numerous schemes have been created that identify, categorize, and prioritize corporate stakeholders (Clarkson 1995; Campbell, Alexander 1997; Freeman 1984; Goodpaster 1991; Phillips 2001; Mitchell et al. 1997; Grunig 2005) in this research we do not focus on steps how to identify stakeholders we rather go further to the next step and consider their influence according to such attributes as interest, power, benevolence (position on the issue, supportive or not), and reliability (how trustworthy a stakeholder is when certain agreements are achieved). Reliability factor is more or less a personal stakeholder's trait or it can be determined by the situation, but we consider it as an important attribute/factor influencing stakeholder's behaviour as a stakeholder or his/her intentions can be very benevolent but for some reasons he/she is not taking any agreed actions concerning the issue. Legal or ethical factor "legitimacy" and time sensitive factor "urgency" should be taken into account after the level of stakeholder influence has been identified. The evaluation of the attributes (power, interest, benevolence and reliability) and their all possible interactions would enable the management to clarify for themselves what actions to take when dealing with the stakeholders or their groups, which stakeholder or group should be given a priority or which stakeholder or group could be involved to support the decisions. For example a stakeholder has power, benevolence but no interest. If there is a need to strengthen the position in tackling the problem the organization can take certain actions to interest and involve that stakeholder. Another example can be given about reliability. At first sight it can be assumed if it is low then it can bring negative effect. But this is not always true because if interest
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is high or medium, low reliability can be expected not to manifest in case benevolence is positive. The combination of these four attributes/factors and their strength can bring different outcomes to organization.
Therefore with our research we try to point to the need of gathering different information about stakeholder, to consider what is known and not known about various stakeholders having in mind the discussed four attributes above.
This research offers a quantitative computer model of gathered or available qualitative information about stakeholders. The model is based on fuzzy logic of these four attributes/factors and their influence as a practical tool for dealing with the stakeholder management issues and can be used in management for making decisions.
The research methodology
Modelling and computer simulation can contribute to a deeper understanding of the issue (Scheffran 2006) . To develop a model that enables to explain or predict what could happen if some parameters are changed usually one needs precise estimation of these parameters, input and output variables.
Unfortunately, the knowledge and verbal conclusions of experts about the influence of input factors or parameters on output (in our case on organization's performance) cannot be considered as precise. They are approximate and contain uncertainty from the mathematical viewpoint.
To overcome these differences between qualitative and precise quantitative models and to build a digital model based on qualitative knowledge and estimation of influence on the organization in a form of fuzzy logic was suggested to apply. Fuzzy logic is a precise logic of imprecision and approximate reasoning (Zadeh 2008 ).
The fuzzy sets and fuzzy logic were introduced by prof. Lofti A. Zadeh in his research papers (Zadeh 1965 (Zadeh , 1989 . Over the years since these ideas were published, his proposal has gained recognition in various fields of the research (Celikyilmaz, Türksen 2009 ).
This research was an attempt to apply fuzzy logic ideas to develop a model of the input factors/attributes (benevolence, interest, power and reliability) and their influence on the enterprise.
In order to give quantitative evaluation of these factor, each factor was divided into three linguistic levels, called terms in fuzzy logic, -interest and power into levels low, medium and high, benevolence into negative, neutral, positive and influence into negative, zero and positive. These levels enabled to code expert-type knowledge into IF THEN rules, for instance:
IF benevolence is negative, and interest is medium, and power is high, and reliability is low,

THEN influence is negative.
Taking into account that the IF part, called antecedent of the rules, was comprised of four factors benevolence, interest, power and reliability where each had three levels, then the rule base consisted of 3 4 = 81 rules.
The problem of knowledge uncertainty can be conveyed and discussed in details following the case of factor interest. The factor was split into three linguistic levels -low, medium and high and besides that, the factor was assigned scores x ranging from 0 (lowest) to 10 (highest). This implied that scores were also divided into three subsets corresponding to above mentioned levels -low, medium and high. In traditional set theory, there exists a clear distinction between members and non-members of a set. Contrary to crisp sets, a fuzzy set or subsets, as in our case, can partially overlay each other and thus can be formed by assigning a membership value m level (x) to each level in the interval of [0,1] (Celikyilmaz, Türksen 2009). If, for instance, interest was evaluated with score x = 7 and was calculated m high (7) = 0.6, then this means that such interest belongs to the level high with membership value 0.6. It should be understood that the assertion "x is high" is true just with degree 0.6, while the absolute truth has degree 1. The statement that is absolute false has the degree of truth equal 0, for instance, the statement "x = 7 is low" is absolutely false, hence m low (7) = 0. Figure 2 shows that membership functions overlap. For instance, when the score x = 4, then such interest is medium with the truth m medium (4) = 0.7 and is low with the truth m low (4) = 0.3 (Fig. 2) . Hence, if the evaluation x of the factor interest slightly changes or two experts give close to 4 but different scores, then anyway the interest evaluation as partially low ant partially medium remains right, just slightly change the degree of truth of both evaluations. This enables to overcome the problem of imprecision of qualitative knowledge.
Similarly for input factor benevolence three membership functions m negative (x), m neutral (x) and m positive (x) were constructed. The factor was assigned scores x ranging from -10 (lowest) to 10 (highest). Scores with negative sign indicated the negative influence direction of the stakeholder on the organization. For the input factors power, reliability and the output factor influence membership functions m low (x), m medium (x) and m high (x) were also constructed. The factor power was assigned scores x ranging from 0 (lowest) to 10 (highest) like the factor interest. The factor reliability was assigned scores x ranging from 0 (lowest) to 5 (highest). This different from another factors' range was chosen to demonstrate that the range is not necessary to be from interval [0, 10] . For instance, the range [0, 10] can be obtained from range [0, 5] by multiplying scores with 2. Neighbouring membership functions were overlapped. This assured compatibility of imprecise qualitative knowledge.
Thus the general structure of the fuzzy inference system took the form as shown in Figure 3 . There the input factors are shown on the left side. Values of these factors are processed by the rules block and performed by fuzzy interface. And finally, the digital value of the influence is obtained by the defuzzification.
The relationship between input and output is called inference system. The system was based on expert qualitative knowledge given in the Table 1 . It is seen from the table that expert was asked to evaluate just linguistically possible influences ofstakeholders influnce on the concrete enterprise under variuos possible combinations of power, interest, reliability and benevolence. The inference engine consist of IF...THEN rules derived from expert knowledge and it is a sophisticated rule base as the each input factor may simultaneously partially belong to two fuzzy levels. This implies that four input factors may simultaneously activate up to 2 4 rules with different contribution to the output factor influence.
Several methods exist to compute the output variable values (Celikyilmaz, Türksen 2009 ). This research was based on the convenient Mamdani inference method as it suited well for the types of membership functions used for factor influence fuzzy levels. The developed model enables to explore the connection between input and output factors and to visualize this dependence in 3D space (Fig. 4) . For instance, in given figure there is plotted an influence dependence on interest and power, while other two factors are fixed at their levels benevolence = neutral and reliability = 4.5 (partially neutral, partially low). This demonstrates that modelling by fuzzy logic factors can be assigned concrete scores or verbal levels as well. It is seen that at this fixed levels of benevolence and reliability the maximal influence is about 6 score points and it is reached when interest is high about 9-10 scores and does not depend on power. But it is the case when power is high. For all power values the influence remains dependent on interest and the influence increases along with interest increase. The plot also reveals that interest and power interact resulting in maximal values of the influence.
Similarly the model enables to present and to analyse the dependence of the influence on any two factors when the remaining another two factors are fixed at the arbitrary level.
It should be pointed out that the fuzzy rule base was just verbal mapping of expert-type knowledge and at no stage of the model development there were no explicit quantitative dependence of the output factor influence on the formulated input factors benevolence, interest, power and reliability. Nevertheless the model, as it is seen in the Figure 3 , is quantitative and can be used in more general mathematical models.
Many fuzzy logic modelling environments, for instance such as Matlab Fuzzy add-on or FuzzyTech, have a capability to export model into programming language stand-alone code. This code can be later used in another more general model. For instance in agentbased models the fuzzy submodel code may be used by intellectual agents, say suppliers or firms, in decision making or for evaluation of the dynamic business environment. 
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The analysis of dependence plot also enables to find possible errors or contradictions in expert knowledge given in the rule form. If three input parameters are fixed and one is left to change, say interest, then the corresponding dependence influence (interest) should form a monotonous (increasing in this case) curve on the surface. If not, i.e. the surface has a local minimum or maximum, then there should be an inconsistence in the rule base.
To test the feasibility of the model against the expert knowledge, i. e. against the source data, the numerical defuzzified evaluation at different points was computed and compared with expert knowledge, corresponding to maximum values of membership functions (Fig. 1) . The comparison is given in the Table 2 . It is seen from the table that predicted by the fuzzy model influence numerical evaluation does not contradict expert verbal evaluation. But on the other hand the model avoids giving maximal evaluation of the possible influence. That can be explained by the fuzziness of the method and expert knowledge as well. high, x = 9 low, x = 1.5 low, x = 0,5 negative, x = -8 negative, -10 < y < -5 y = -6.16
low, x = 1.5 high, x = 9 low, x = 0.5 negative, x = -8 negative, -10 < y < -5 y = -6.16
high, x = 9 high, x = 9 low, x = 0.5 positive, x = 8 positive, 5 < y < 10 y = 6.18
high, x = 9 high, x = 9 high, x = 4.5 positive, x = 8 positive, 5 < y < 10 y = 7.10
Besides this, a concrete other similar enterprise "N" that supplies a definite service to hospitals and other medical institutions was chosen. An expert was asked to evaluate the power, interest, benevolence, reliability of two given stakeholders and to evaluate their influence on the enterprise. The evaluations of expert were compared with evaluation given by the developed fuzzy model system (Table 3) .
Referring to Table 3 data it can be noticed that the model system in both cases gave somewhat lower evaluation in scores but the same evaluation in linguistic terms. The systematically slightly lower evaluation given by the system may be explained, that the fuzzy model was developed with very general assumptions and knowledge about one enterprise while the test was carried out on real data of another enterprise. Taking into account that the linguistic evaluations of the experts and the model in both tests do not contradict, the performance of the fuzzy system should be assumed as reliable. Hospital "H" 6 10 9 4.5 7, positive 6, positive Newspaper "P" 5 0 1 1 3, zero-positive 1, zero-positive
General commentary and conclusions
The research was built on the works of other researchers who have generated new ideas and techniques in exploration of stakeholder management and analysis as the development of positive relationships with stakeholders is a necessity for organizations. Therefore the organization with its management must be proactive in gathering information about stakeholder positions, needs and interests as to plan future steps in taking certain actions or making decisions and avoiding negative influence from them. For this purpose it was necessary to identify stakeholder attributes (interest, power, benevolence, and reliability) that are important in deciding about their influence, and to take into account all possible attribute interactions that could reflect stakeholder influence and its strength to organization and to offer possible solutions in strive of interest harmonization between organization and its stakeholders.
The research made its contribution by offering a theoretical framework for a stakeholder management system. From a practical point of view, our results provide some guidelines for the management and the boards when dealing with various stakeholders regarding their various attributes and effectively monitoring management policy.
Another contribution of this paper is the application of fuzzy logic model in explaining and/or predicting stakeholders' influence to the issues the organization seeks to solve and to provide relevant information for the stakeholder relationships management. The fuzzy modelling enabled to develop the quantitative dependence of the factor influence on the factors benevolence, interest, power and reliability from qualitative knowledge containing in the linguistic rule base. The fuzzy model's 3D plots depict the qualitative knowledge graphically and make it easy to analyse and to evaluate the resulting influence of the discussed above factors and their interactions. Besides this, the fuzzy model developing process enables to notice possible inconsistencies in the qualitative knowledge. The stand-alone code of the entire fuzzy model may be used in more general agent-based models as a decision making engine of intellectual agents.
Concerning the model the intention was to present conceptual insights on possible solutions of measuring stakeholders' influence. Therefore no solutions for all possible enterprises and stakeholders were included. The concrete adjustments to the model should be made for concrete enterprise.
To summarize, the key idea of the article is that, on that basis of stakeholder management literature and the authors' ideas, managers should be offered some practical tool to efficiently deal with the stakeholder management issues as right decisions in the short run perspective generate beneficial outcomes for long run perspective. And there is an obvious need to continue the research and carry out an elaborate empirical testing of the discussed digital model (based on qualitative estimation of influence on the organization) on the organizations and suggest useful further insights in modelling technique and in application and operation of stakeholder management relationships for successful decision making and cooperation with them.
